Abstract During surgery for colorectal cancer, the inferior mesenteric artery (IMA) may be ligated either directly at the origin of the IMA from the aorta (high ligation) or at a point just below the origin of the left colic artery (low ligation). Sixty patients of left colonic and rectal cancer undergoing elective curative surgery in 2007 and 2008 were selected for this observational study. The resected lymph nodes were grouped into three levels: along the bowel wall (D1), along IMA below left colic (D2), and along the IMA and its root (D3). Statistical analysis was performed with SPSS version 20.0. D2 level was involved pathologically in 20 (33.3 %) and D3 in six out of 44 (13.6 %) patients. The median nodal yield with high and low ligation were 33 and 25, respectively (p= 0.048). Median overall survival for high ligation was 62 months versus 42 months for low ligation (p=0.190). High ligation of the IMA for rectal and left colonic cancers can improve lymph node yield, thus facilitating accurate tumor staging and thus better disease prognostication, but the survival benefit is not significant.
Introduction
Colorectal cancers (CRC) account for nearly 10 % of all cancers worldwide. It is the third most common cancer in men and second most common in women [1] . Left colonic and rectal cancers represent just under two thirds of all colorectal malignancies [2] . Resection of the tumor with adequate margins and associated mesentery, including the lymph nodes, remains the primary modality of treatment of colorectal cancer. Patients with positive lymph nodes may also benefit from adjuvant chemotherapy. Therefore, lymph node analysis is one of the critical factors for therapeutic decision making [3] . During surgery for colorectal cancer, the inferior mesenteric artery (IMA) may be ligated either directly at the origin of the IMA from the aorta (high or flush ligation) or at a point just below the origin of the left colic artery (low ligation). The high ligation technique allows en bloc removal of additional nodes at and around the origin of the IMA; however, its advantage remains debatable.
Moynihan recommended high ligation as early as in 1908 [4] ; there is still no consensus as to which method should be adopted. The aim of the present study is to analyze the pattern of involvement of lymph nodes in left-sided colorectal cancer and to address the issues on the ligation of the vessels.
Materials and Methods
This observational study was carried out on 60 patients admitted in the surgical ward of our hospital chosen irrespective of age and sex undergoing left-sided colorectal cancer surgery from January 2007 to December 2008. However, patients undergoing emergency surgery for colorectal cancer to relieve obstruction were excluded. These patients had histologically proven adenocarcinoma of the left colon or rectum and underwent high or low ligation of the IMA depending on the surgeon's choice. As per the institutional protocol, the surgical process was explained to all patients and informed consent was obtained prior to any surgical intervention.
The plane between the back of the inferior mesenteric vessels and the gonadal vessels, ureter, and preaortic sympathetic nerves was identified. In patients undergoing high ligation, dissection of all the lymph nodes around the root of the IMA was done before IMA ligation and excision in close proximity to the aorta, irrespective of the intraoperative finding of presence or absence of swollen lymph nodes. Ligation of the IMA at or below the level of the origin of the left colic artery was termed as low ligation, and in this case, removal of only pericolic nodes along with the primary cancer was done. The specimen was divided into three groups: first was mesorectum containing inferior mesenteric artery; second mesorectum containing the segmental branches, like left colic, sigmoidal, and superior rectal artery (SRA); while the third group included mesorectum containing paracolic vascular branches and lymph nodes with bowel specimen. Postoperatively, after fixation of specimen in formalin for 72 h, lymph nodes along the course of different vessels, namely IMA, left colic, superior rectal artery, sigmoidal branches, and along the bowel wall, were removed separately. For all practical purposes, these were grouped into three levels: level I being along the bowel wall (D1); level II was along the branches of IMA namely left colic, SRA, and sigmoidal branches (D2); while level III was along the IMA and its root (D3). Microscopy of these lymph nodes was done in pathology section, and the malignant deposits were located.
Statistical Analysis
All statistical calculations were performed with the help of SPSS software for Windows, version 20.0 (Armonk, NY, IBM Corp.). The data were entered into Microsoft excel sheet and imported to SPSS. Chi-square and independent sample T test were done to find out the significance value besides estimation of various frequencies. Overall 5-year survival was calculated for patients with positive D2 or D3 level and Kaplan-Meier curve was generated. The significance of survival difference was estimated by log-rank test.
Results
The characteristics of the 60 patients of left-sided colon and rectal cancer who underwent planned potentially curative resection with either high or low ligation are depicted in Table 1 . Table 2 shows the distribution of variables according to the various potential confounding factors. The distribution was found to be evenly balanced between the two arms as evident by the non-significant p values. Mean positive node yields of 3.9 from level D1, 0.7 from D2, and 0.1 from level D3 were obtained. The mean number of nodes examined per patient was 29.47 overall (25 by low ligation versus 31.1 by high ligation, p=0.048). Chi-square value for method of lymph node excision versus total lymph nodes excised was 48.1 (p<0.001). The D1 level nodes were positive for metastasis in 40 (66.6 %) cases, D2 in 20 (33.3 %), and D3 in six out of 44 (13.6 %) patients. Two (3.3 %) patients who were D3 node positive did not have metastatic deposits at D2 level; skip metastases could be a plausible explanation in these cases. Thus, the frequency of residual metastatic nodes was 13.6 % that would have been missed behind if low ligation would have been done in these patients.
The follow-up of the patients were continued until December 2013. Median duration of follow-up for the survivors was 64 (60-78)months. There was a slight survival advantage when high ligation was compared with low ligation, median overall survival (OS) for high ligation being 62 months versus 42 months for low ligation; however, this data failed to reach statistical significance (p=0.190) (Fig. 1) . Median OS for patients with positive D3 level nodes was 30 months [95 % confidence interval (CI) 15.6 to 44.4] while for negative D3 level, it was 54 months (p=0.032) (Fig. 2) . Finally, the data was sorted to include only D2-positive cases, and in this subgroup, survival for D3-positive versus D3-negative cases was analyzed. In this subgroup, median OS for patients with positive D3 level nodes was 30 months (95 % CI 24.9 to 35.1) while for negative D3 level, it was 42 months (95 % CI 34.1 to 49.8) (p=0.011) (Fig. 3) .
The correlation between number of D2-positive nodes and number of D3-positive nodes was calculated. The Pearson correlation coefficient was 0.319 and the correlation was found to be significant (p = 0.013). The correlation between nodes positive on computed tomography (CT) scan and D1 node positivity was also significant (p< 0.001).
Discussion
There is no consensus for the level of lymph node dissection in left-sided colon and rectal cancers. The advocates of low ligation of the inferior mesenteric artery believe that nodal involvement at high level is found only in patients with incurable cancer, and survival rates are not improved. In a study of more than 4,000 patients who underwent surgery for rectal carcinoma at St. Mark's Hospital, no improved survival was seen when the inferior mesenteric artery was ligated above the origin of the left colic artery [5] . Ligation distal to the first branch of the inferior mesenteric artery ensures a viable blood supply to the bowel from which the stoma will be created. Corder et al. studied 143 consecutive patients but failed to show any association between the method of vascular ligation and the risk of tumor recurrence and death [6] . Furthermore, anastomotic leak rates were not related to the method of vascular ligation. The data from a French multicenter, randomized trial (comparing left colectomy and ligation of the IMA with segmental colectomy and ligation of the primary feeding vessel) show no statistically significant difference in long-term (12 years) survival [7] .
Some studies have shown that high ligation may provide small survival benefit in selected subgroups of the patients. It also provides useful information for prognostic purpose. A large series from Columbia-Presbyterian Hospital (New York) showed improved survival only for patients with stage II rectal cancer who had high IMA ligation [8] . Stage III disease was not affected by high ligation at the IMA.
A more accurate staging and prognosis may be obtained by high ligation, but survival does not seem to be affected. Stage migration may affect overall outcome because of improved staging and lead time bias [9] . All lymph nodes suspicious for metastasis beyond the origin of the feeding vessel should have a biopsy or should be removed, or the level of resection should be extended to include the worrisome lymph nodes. Even so, a skip phenomenon (i.e., metastases beyond an uninvolved sentinel lymph node) should be present in only 5 % of cases [7] .
In our series, lymph nodes could be visualized in 30 patients (50 %); on histological examination, 28 (93 %) showed malignant deposits. Two patients showing enlarged nodes on CT had only reactive changes pathologically. This finding may be attributed to the bare feet walking and minor repeated traumas in the people of low socioeconomic strata of India. In these cases, ligating the inferior mesenteric artery at its root and bringing down all the lymph nodes actually helped for proper staging of the patient, emphasizing the importance of the high ligation. Fourteen (23 %) patients having undetectable nodes on CT scan had micrometastasis suggesting low sensitivity of CT scan to detect nodal metastasis. Since there is no other method to reliably assess the nodal positivity [10] , it is on oncologically safer side to remove all the lymph nodes.
There are few studies reporting survival or recurrence patterns in colorectal cancer patients with inferior mesenteric lymph node metastasis. Kanemitsu et al. reported that the 5-and 10-year survival rates of patients with metastases to D3 nodes were 40 and 21%, and those for patients with metastases to D2 nodes were 50 and 35%, respectively [11] . In our study, 5-year survival for patients with D2-positive nodes was 35% while no patient with D3-positive node could survive until 5 years. Thus, our data is in overall agreement with standard published studies. The poorer survival of D3-positive patients in our series could stem from smaller number of patients and more aggressive nature of disease in our patients. Periarterial lymph node metastases requiring high ligation of the major arterial trunks and not the intramural spread dictates the extent of bowel that must be removed. Lymph node spread precedes venous spread, the determining factor being cellular activity of the lesion rather than its size. A plea is made for high ligation of the arterial trunks in order to allow for wide removal of the potential lymph node spread. The role of central vessels ligation in provision of optimal lymphovascular clearance was first identified about 100 years ago. Colonic lymph nodes follow the arterial supply, thus high ligation can remove the highest draining nodes that may harbor occult microscopic metastases. Enker et al. adhered to this principle strictly and reported 5-year disease-free survival rates of up to 70 % in stage III [6] .
The Japanese Society for Cancer of the Colon and Rectum advocates mapping of the lymph node groups removed and would stamp as complete dissection of all regional nodes only if the specimen contained the D3 nodes [12] . Lymph node yields are dependent on both the surgeon and the pathologist, which could potentially influence the results in a two-center observational study. West et al. concluded that surgeons in Erlangen routinely practicing complete mesocolic excision (CME) and central vascular ligation (CVL) surgery remove more mesocolon and are more likely to resect in the mesocolic plane when compared with standard excisions. This, along with the associated greater lymph node yield, may partially explain the high 5-year survival rates reported in Erlangen [13] . There was an increase in the number of negative lymph nodes with CME and CVL which has been linked to improved survival in both lymph node negative cases [14, 15] and stage III disease [16] . West et al. reported a greater lymph node yield (median, 30 vs. 18; p<0.0001) in high versus low ligation [13] In our study, the corresponding values are 33 and 25 (p= 0.048), thus establishing that high ligation produces oncologically superior specimen compared with standard low ligation surgery for carcinoma of the left colon and rectum. Japanese surgeons report overall 5-year survival rates of up to 76 % in stage III disease and produced similar lymph node yields to those seen in Erlangen, although stage migration may confound the results.
Limitations of the Study
As the study is observational, the patients were selected as per the surgeon's choice. However, the selection bias is expected to be low as some surgeons in our hospital prefer high ligation in all the cases while the rest perform low ligation in all the cases, irrespective of the presentation of the patient, since there are no consensus guidelines on this issue. 
